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(54) SEMICONDUCTOR DEVICE, MANUFACTURING METHOD AND CONTROL METHOD 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor device 
which has a small ON -state voltage, when an IGBT is kept in 
operation and a diode keeps operating forward and has a small 
reverse recovery current and soft recovery characteristics, when a 
diode operates in reverse. 

SOLUTION: A p-base region 2 is formed on the surface layer of a 
semiconductor substrate 100, an n+-emitter region 3 is formed on 
the surface layer of the p-base region 2, a p+-collector region 5 (a 
p+-region 15 formed on a side, and a back p+-collector region 5a) is 
formed on the periphery, rear of the semiconductor substrate 100 so 
as to surround the p-base region 2, and the p+-collector region 5 is 
set as a thick of about 1 i m. 
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(54) B89I<z>£;fiM ^^KS^^^SiS^S^^^^^WW^ 



(57) [£»] 

[Rl] I G B Tlbf^o <fctf*V *— KUBft^W* 

^«*3*r»«u 1 o o<D^mmtm 

««5 ($ffi^J*£;ft,6p + 5i:«ffi«|p* =i 




him 



9 3 l^*«Si 



umm i] mi i nmvmmm 

ituES? 1 «tt&¥«feiStE t HufS^ fimf&k<D#R 
MESS 1 t ituEIg 2 UMBB^-^W* 

[MM 2 1 SRI ttm^fNEtt® JB 1 ^®o^B® 

ME¥*fffflK*l!&E^5 y^WfcfctfcSft 20 

»k<ojb 2 afe®^ «t xfmm*mfcmm<Dm 1 £® 

35>fc*2*ffi^B:or?ga*lxS»2 9![«»=iU'^^« 
lit »^S¥»ft&ltto 

Im**3 i m 1 isi^^s^i 1 ^sextan 

^««^«E**bS(jE^<-^«S:KiiU, 8uE¥3MfcS 

E^-^««**5HtfJ:5^ (WE****«©*2 
iiBfcJ:tfllllE*»#l«©* 1 ^BB^felB 2 
oT»**lxaiB2i»«»="^#«*i:*r*-*"5** 

*, ^*2»«»^-^**i:6!>»»^JB«Sixap 
«fc"*"S*»flcaSll.-. 50 
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2 

[M**4 j m 1 1 ±.m<omma 

\mftmzB&£tizm2mmM'<-xM%it y m^<- 

B9E-<-^««*fl3K9HtfJ: flffE 
^e>*2±BStclloT»*Six-5IR2W«Jg=iu^^ffi 

StrE*»*fflEo*2*Kffl^»rtSn, »E^a«*iK 
m&&, 0. l^m^V^LlO/imt^S^^^t 

^atRWt^**^SSl2i»«K^<--^««i:, ES-<- 

e^-*««*ir flatfish gj)^«Mfi^i2 ■ 
=feffife«tti«BfiE¥*»Sffi^» 1 £®a>bsg 2 ±a«ca 

ME*W*S«<o*2*ffi«J^«**lx, ffiE¥VfrS 
0. l/im^V>L10Mmtfc§:<i:^I ( !: 

t-^Wic®2^m^-<-^«^ML, $z^-*m 

U 8&E**fr»«^ffirE^^^^««J-4»^nfeBtiE 

U SUE^-^fflflKSrStOHtfJ:?^ 8&E*«frS« 
OSS 2 J:^HfjE^#*S^^M 1 &IB 2 3z 

■2#«»©*ifli«Sr, «JE^<-^«*J:9*i«*T 

ifioi2isii^ > B9E»i««^«m-rs«gs^B'j 

K»iffi«j&s«aiLfc»2*ffico*fl5Ji 
iCO. 1 /i mft^Ll 0 /i m<Dm^X\ huEIS 1 ffl«t- 
Kit, H9E!B2^ffiffllJ<D=u^^««i:ftS®2«a 
■»©M2M**:»*'#-«XSIt«r*tfr fctWKi:-*-* 

IM**7] S 1 l iS^Si 
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WH 2002-319676 

4 



-a®® tenuis h uy^s^it, m i ^ * * 
i-, MfE^^«tcffM$n^^2#m^^u^^® 

m^wm*©* i ^mfrhmm-ttut , b^wk 10 

(CO. 1 Mm/^ll 0AimO^$"C, 89fBSBlffl««- 

o] ffifga=^^«*^igttftufe»2i»« 

fl£^*6»0> t°— ^ fltS^S 5 X 1 0 16 c m- 3 ^ Jb"C, 1 X 
1 0"» cm-H;Kfc5: ^&#«£ + *ai**6fcl* 

1 1 1 huIB^ l £®#J(CM * titz mm*- $ y 
*m®£tm>tD, 898BIB2^ffi«tc^*'nfeM!E=u 30 
^IBttSffi^Tc&ElliflS 50/i m^V^L2 0 0/iintv 

«r»» t 6 * fete 7 K!2if$0¥®# 

« fc <ommzMf& zti&pnm&t* mmm 1 

WfrSIE 4: Hufam 2 »«8-<-7«( t (hmmcMA s 

S2W^^^^u<»ii^#t-^^f^E(w^v>r, ME- 
SS l *t»¥«fls:X«[t:8ie3 i>^^««fcO*J|i^JB 

* 1 wbemm* t Hute^ 2 wwb^- * t (d so 



[»#« i3]»i «®^^3<fc&«oSB 1 

»^a«»^»*sixaiB2»|[«i^<— be^< 
y*m&k* mm*m&mmkm^$y?mmz&* 

«JE^W*»K«>*2*ffiO*a5««c: 

B&£hzm2mmM=*^?*m%zk, mm^^y^m 
&±km&^—*mm±\zmvit&{z&&ztLZx$ y? 

«fcO»#«C»rtS*L5pn»fr4:, 9JIB8 1 *«ifg^ 

*Wff3S«©»2±flB«^«f**iXv flffiHMtKM&R* 
0. l^m^^llO/ira^r^^n 

1 4 1 suis^ u-^ 9 myxoma 0 . 1 M m& 

W*«l 5] H*«l*v>LW*3fi5*5J:t«»*«i 

6] J»|!ftJhffl[IGBT*«ff»»C*5^T, 
[00 0 1] 

i'^ffl t ^ b tizm ^K±m I G B T ft 2?.0¥«4*XK fc * 
[0 0 0 2] 

ia*^a«] mi 3-o^sjx<57'v— ^-hiNP 

T (7 W<>"f-^/U— ) -IGBTIi, nlFZ (7n 
— "thWV— is) ^ai/NfClp-^— ^M*5 2, ^-T^ 

m«5 BVOffiiliKMLfcft^ «ffiS:Bf3e©» 
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* mm s s * 5 umHWcfr 5 

£*L5 0 lt;Mp^a«52) 
[0 0 0 3] 3l/^^Iffi5 9(CiE@JE^3IJOU^Ii 10 

[0004] 3i/^i)|5 9 |CIE«£«:HWJP 011^ 
-.7*) U .y-h««5 4«C«BEtrH3ftlb/iV^IBT? 

li)pnSft)»6n- Ky7'l>i«5 1«IW^5 0 * 20 

y =1 ^ffli® iff^ w< y a u 
rial 3<oj;5 4, $a$k<oi GBTx^+^m^m 
[0005] ti 4x^£frz>7i<'— hmm<om 

juntos 1 a fSttffl«SriatpJ:5«-3a 
^WKS^p* ««8 5 :l»p + ^ 40 

[0 0 0 6] Z(Dm&±Ml GBTSBl 5 CO J: 9 (diS? 



5 0 ft. Elf, Tl, T 2 te^iSHS G 1 , G 2 fiy- 
hMHK El, E2fix^^ffifCfe5o ^*rRj^ 

left 9, Ht^o 3 y^-^ + 3 yfy t +>f -c 
KtJERi-.SafRftJba I GBTIi, I GBTt Lrcoiate^ 

■a-r6«t5Jd^^-- k {mm? 4*— k) ^Lrcom 

[0007] m 1 6 tr^ns^u— h^itcoi^ 

R&ihSSlGBTW:, FZlfi (FZ!)x/n) £JBV>T® 

[0 0 0 8] ^tlh<Di£m.±%l I GBTI^^T, ^fc° 
'**^*^^A$:Jai,>-CKffi<0p* ^^^^S*6 5 

<«ix.«^«)*d, S®cOp + =*l"??ffim6 5, 7 50 
^F*E«fcr-^»ffi*:l 0»s cm-3 «rj@x.S»ffi«dbr, 
g®60p + n^^6 5, 7 5rt"C<Z)«BE#T*ffi 

[0 0 0 9] 

Ky7«61, 7 l-OIE?L<0^r-Y y 7j£Aftri s # 

5o rcom^ask«. mi 7oMAt^tj:9^ s 

E^p + 3^^g«6 5, 7 5 i:n- Ky7h««6 
1, 7 1^png^tiSOn- Ky7hf«-C^<4' 

— K»fW (FWDafW 0)7 y— MM (IGBTCO 

5 0 dcoj: 5^7/- K« (3 1/^^1) fim^^^y 

7M^LTP5t, I GBTBdf^cO^ — >JrZ7V$yL 

&zm®temffip ng^^imsa^ty/s: 



(5) 
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y V M <D * y T k it *< X ct 9 t ft * - >- * .7 Jfl5fc * 

k j: o r wmi&m* y r *h» s m $ tt a it #> % 
#<ftt>, Ky*^-y— i^fts. roigpi. 10 

mulrXlt^ZMfflte. P + =^^fi«65, 7 5 
■#r/-hT n + 3i^^^ffl«6.3, 7 3^y-K 

plC, n- Ky7hg«6 1, 7 1(D3i/^^i|r 

[00 11] r(OiS?|Hia««K«)*:#Stt. HufBL/ci:5 
n- K!l7hStt6 1, 7 1 U^^{RlJ"Cc7)i§Pl 

3ft«*#v«, Ky^y-*»i-4-5««i^a*v^ 
i»iEia««ott»^-Ky-*^y--i:ftai:, 

ft 9 V r^SiS®EE^ii5<^r)^5^^ 

[0 0 12] B15©J:5I^ rcoi^PlJh^I G 

BT^2Bf»iJ|:glfC, I^IGBTtUci 

^is^MffitftfttlZo mi%<DmRltM I G B T<DT'<7 

So 

[0 0 13] L*>U r©^*fpiIGBTS:«rtt5 2 

is^mmtK natftoticiot/fioiGBT 

(y-hSKl, xv y «fEl) ^BS*Ir]C0T^ 
7l/i/*mi££. 0\ S20IGBT (y-MHfG2, 
^ i/^S^E 2) OiS^fRj^r^^^^aiajE^/^ 
g 1 I G B T(D^^7^7 >">xt 
JEriS, ^2(7)1 GBTtOHg^^]C7)T^<^>'v'^®/3EJ:«9 

2tciEm^>^-^mff^S]J!)P$4 v tfci:#, ^19 85 2 
<£> I G B T 1^1*^07^ 7 >"> xii^ltt^o 

[0014] ihi^isk is^^m^i^-^ 

nr. ^2WIGBT^«*^L, 

f&T-T^o *fc, firJfE!Sltf>,I GBT&tzl*m2<D I G 
BT«/WT^^ti6i:, ^®^T'fl^^J:t>*iE?L so 



8 

KSKixi&tfo r<o«^asK(i, igbt^M^jK- 
7 h7>^^ (p^— ^^^^^ n- K!J7 

<tft3 0 

[0 0 15] r^^lWtt, HulB^«!lfflS:#?ftU 

-9 — ^»JksdS9Kv ^ascfirrti I GBT£jKf£-e£"T\ 1 
g b T»ftsKMo jitwv KwaiKi^co^-^mff^^g; 

[0 0 16] 

( 1 ) 11 ii»¥«*sfi©i 1 3=mv>mw*mizmiR 
w $ *l 5 sg 2 «m^-<" * <b , ■ k-<- * ««■ 

IE^2^m^-<-^^^^*#^J*$^6p nft^ 
©Ki^7^7V^xlEJ: t), i^<ft5#l^i:-r 

( 2 )• jb 1 im^«ftSKoi 1 3im<D$tmmi,miR 
<Dmmm\zmRmm&£tizmimnm=.$ y*mm 
^<-*m®±.^y- htmim*fri>xMi$.tsiiz?- h 
2 *K*i j: t^msa^**a« w» 1 £® 6 

B(rtBllS2^aff«^»«*n5«[ 
cor^^V^inmiESr, SufE^ 1 ffl 

ism 2 #m-<~ * mm k (DmmzBtit $ n 5 P n «^ 
oNg^ifiKOT^^^aifaHcfc^, k< ft strict 



(6). 



^2 0 0 2-3 1 9 6 7 6 
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(3) ^1 mnm*m»&iR<om i ^m^mmrn 

©*ffia»fcl»E^-*JB*jrfflU ffiE¥i»*S«rtt:: 
«fc 5K-m$tt7t hu-^SI^ 

mzB&ZfiZm l WWR^i * j, , buE-<-* 

lffi&E¥»ffX«tf>3S l £ffij&»kgS 2 iSCIotM 10 
^tL5i2ii03i/^^^t^tt5^SI(c 

(4) »l3»«^*flcS«©^i^a5o*BJi*c:a^ 

m^<b, fiftE^-*1g#*Ift*iaip£ 5 «jie**ft: 
ffl£(£>!g 2 ±ffijo <tt«»E*aW*a«<z>* 1 £B6A»b* 
2 ^SKSoT^/S^tLSSg 2 , 

-^««T^HuE^*«csSo»2^ffiffiS«J:^*ix. 
«JE¥ W#S«<a a ^ ^ ^ mffi t £>BI] 5 mlE so 

( 5 ) mi wmM¥mfcmm<Dm 1 ^m<Dmmm^m$i 

»l-»«SixSJB2W«»'<— -x»«t, tt^— 
©*BB*&^^-*Ji«rJC»U WE^«H*S«rt«c 
PJi£-r5<fc 5*c»*Sixfc huyfSfi, KhU:^« 
tcy-Mfeg^^LT^^ttSy- MSfc, ME 

«*«raOHtfJ:5^ MIEHMIffXCojR 2 40 
t«9E4M**S«<0» i »^52iii:iotM 
SJx6»2»fB»3^*tl*4: % ME^S 

fc, MJE=»^^fl|«±|2:»*Six5 = ^#««i4:* 
fi-t^^ftgic^^t, l»E^-*«*T<D1iMe¥ 
V#XIR«)ffi2£S«(c»A$tt. iiuE**ttK«co=» 

0. 1 /i m4l> L 1 0 j« mtfcSMt t5, 

(6) Ai««^«#XIROlKi±SO«SJ|CC]8K 
tt»-*2»tW^<-^tl««r»rtL, s^-^W^i so 
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ffi«i:iR«i:» i y t , mm 

¥#»MKi:lfflE*5 y^W^-ttSnfcBlfE^-^fii 
«±lcy-Hfi»|RSr^Lry-h««Sr0fiRL" NfE 

ffi*3«ttf«E*«H*iK*«>* l ^^S2±ICIo 
■CJ»ricSixS»2*ffl:jg=«>^^iH«t, WE^S;/*' 
«*±fcWE^-^«*±^a«W^«fi»$4x53i$ y 

m*&*>mt*= is??mi$k/£z>m2wmB<Dmimm 

mmfrt>B&L-rz>Tnk. m^mttm&vm 231mm 
mmmimmmm^zmtsizmvk-rzjmk, %% 

!Bl««^BttJLfc»2^ffi^ffiS^0. Um4^ 

±mm<o 3>^««i:4:5i2 mmB<om 2 mm&B 

(7) .*lW«»^»flcS«o»i^ffi©«ffiJBI-»« 

U B9E^**S«rt{c:9JiS 

^tty- MfeML, BUE^-^S^SffiB 
tCBuEM/^^Sf^^LT, IlflBx^^ffi^ 
W*»K»jjtU B(fE^-^««SrBi>9iatpJ:5fw, fiff 

m*mitmmizB& intern 2 wnm = * ««**r 

■■#-5*W#:_36»j:*3^r, «jE-<-^ffi*©«BE«rK9 
ffltf=i<^^««i:3&5»2»«^!Slffl«S:, huE 

it£BLfcfg2£®<Z)^ffi/Il;iO. 1 /imftV^H 0 /i m 
<o#l£T\ 89E»i««WKL-C\ BtrESS2£ffiflJ<z>=i 

^^t^i2 mmm^m 2 * ig 

(8) (6)"«*3J:tf (7) S^^^W, fg 
2*»JK?F>6ttSr>f^^aAU, 3 0 0W^L5 0 0 
tT^M $ tiXBtit £ ti 5 k X i \ 

(9) (6) 3B*5J:T/ (7) *©=U^>^ fg22» 
«i^F««Sr^tyttAL, f-T^-/^mxB 
&£tiZk£\<\ 

(10) (6) (9).3B©3^^^«*<OflStt 
lbLfc|g2^m^^^t: 0 -^ZiS^> 5 X 1 0 16 c 
m- 3 £UiT\ lX10 18 cm- 3 ^m^^J:^o 

(11) (6) *fe5j;t/ (7) Jg^l^Bfflj^^S 

ztitiffim=i \st ?m$imffi*x<Dm.nm5 0 n mftv^ 

L2 0 0 ju mt'fc5:i: J:iv 

(12) ^ 1 iiw^^ifioli i ffiw^BSi:a 



(7) 
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-burnt, mm*mftmm<Dm2±m(Dmffimic&f$ l 

(DmmzB&tsthZpnm&t, mmm i mmj»*m» 
mm t mmm 2 mw&^-xmw t (ommmf&zfrz 

9, B5<ft5«/S£-ra 0 

(13) &imm&*mfcmm<Dmi3im<Dmmm^m 
m<am&m\zm&miz&&zfrzmimnM^ y?m 

tizm2mw&^i>-**m®b. mm^$v?wm±t 

*ru huie^i mmM^mi^mwibmm^^^^mmb 
b mmm 2 mmM<<-xm®b<Dmmmf££tiz> 

* ? mm b <d m icfcrn-t 5 «he = ^ , 

(1 4) (4) Jjl, (5) (1 3) Jg<£>^U 

[0 01 7] H&E^«t5l-, 

*«io*-iryr»**iw«iSnT, ^tyr^Si 

[0 0 18] ti£^Mfi?iti:P«t-, f^-T^Mffi 

fcBfc fcffiStMMSTVW ^WffifcSita ^ t lift < , 
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&m<*fz>zb&xzz> 0 

[0 0 19] 3U-^^ffi*S:JBfiK-rSjafl[S:«EM 
L"ftt%J:3f£^f 6. 

(1 5) (1) Jgft^L (5) Jfi*3j:tf (1 2) 3gft 

■^l (14) m<Di^i%Mzmm<D¥m&^&<Dfflmx 
**mm(Dnm*&mmz$>z>mm. mm^$y*mm 

[0 0 2 0] (16) MihilGBT^gllC 

mrnxmb-rzo 
[0021] 

mm<omm(OBm] m 1 n^comwom 1 

®S(cn + ^^*<g«3£^fiS^r<5o ro*i*S« 
1 0 0^*WSaJ£Kffiffll^ p^<— *«*ac2£r«i0l8t? 
£5M P + = u**ffl«E5 («^j&£*l£p + 
15^p + ^^«5a) ri^J&£*x£o S 
®<£>p* n ^ f « 5 a ^ (i 1 /z m^gt + $) 60 
¥*<*£«^1i9ffip'<--;*ffi«2 fc p + ^U^*fl«5 

#»«Sjh,ft^Msa*n- Ky7.hs«i-efe5o 

n- <bn* ^ y^S«3JC»*ttfcp 

-<-^®« 2 _hi-y- F&teBI 6 £^ Lty- MS4 

^ y^mmsmm^ti, p + 3u^^««5±ica 

fi££*L v ; ett ; enop-<-^^2^(c:n + x> 

[0 0 2 2] H2^&B8it, rO|^0^(7)^2^ffi^J^ 

XSWrffiia-C&So wO^Sffflc3SBtt6 0 0 Vlffitf)i£ 
PRlh^ I G B T©«T*)5 D 1^5 2 5 // mW^jffiftft 
ffi 1 . 5 X 1 0 14 c m- 3 (O F Z # 10 1 (O^ffitC. 
fSl. 6 m mOWSBKftffii 1 1 Sr^dcL, ilifp 
^— ^®«2^J*S4x5fiBff^J3iZ2jf|5^fi 1 0 0 ju m 
^^Pgpi 2«r»|RflS»wjx^>'^LT»*i-* (B 
2) . 



^2 0 0 2-3 1 9 6 7 6 
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[0 0 2 3] ojf«£, »^Dyy-^«LTil 

LfcS, 1 2 0 0 c CJ^±cOr^^^V>T^#(aM c t :, T* 
^^12 0^m$^fny«fU P + ^l/^^^i^ 

[0 0 2 4] o^{d, p-<-^2, y-hKfUK 
6, 7-hmm4, n + s/*fg«3, *5<fct*3i* y 10 

Jj&XJ&l&TZ (HI 5) 0 fS^^rlll^Ac^^, 7>f7 
^ A*7 — £ Ltt^aiW^y ^A^#t^tT3 r • 
khh&o o^^ x g®£8"J<9. FZ^x^lO 1 CO® 
££l 0 (IGBT«ff^l 2 00VSS 

©t^tt 180/i m^S) J- U m V ffi 1 6 Kf* p ««" 

l 5£itm£-£6. me) o 

[0 0 2 5] O^K, Mt&ii, K-X* 1 X 1 0 13 c m 

<Di&uT~si-*ft\,\ mmkistctfuxDf-?mm 20 

^1X10' 7 cm" 3 U&X\ m&tf 1 mgffi^RiDCO 

^*$I^5 kt£Z> (8 7) 0 
[0 0 2 6]o^ =l''**nM9&l&fg.'\ < X* FZ 

*^/m 0 1 ^^utft-e^u^wwttgf 1 7t«L (m 

8) , Hi<^J:5*i»iaihSl GBT^«3gS4x5 0 _t 

ff^7 0 0Vii, ^f^I<7)r^^>">^mBE^8 0 0 
Vtu^ir^ofc w(OiS?P£lb^I GBTH, Iffi©p + 30 

= V * *«ks a <o^tttt»«d5fi< v mAmm^i&m 

ihM I GBT(D^->^-^^fi3. 8 3mJT^of: 
9 6 m J X&>ofz 0 

[0027] y-f a— KKj^icury- k«ij© 

tt, y7hy^y-^j|^o mio^ 
*fr&t&i 0 o<Bffliffi#iK»Kp* <g«i 5 w©p 

[0 0 2 8 ] HufBor=.-/Uyaffi^ 3 0 0°C*yST 
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smtfeSA 1 - s i ^&*<^>y a^as^s o/^^ 

-fZ>tzMc s T=-—;isMS.\±Z 0 0t;«±T\ 5 0 0t 

[0 0 2 9] ftuiEOR® <£> p + 3^^5a 

G>fcT— *ME#5X 1 0 16 cm- 3 ^ffiT'«, ffiASb^^ 

ts. i x i o 18 c m^ 3 *m?LZ> kmmun,ti&fc 

m±-rZ><DX\ tWgg(15X10 16 cm-H^JiTl 
X10 18 cm- 3 £XT&m&L\,\ 

[0 0 3 0] MM<^p\ Pigi&S a<Dm$ 

jS?iiita«at^*:s<*So *©fc»* mjjfa<DTs<?> 

\-t s 3l/^^S«5a(Dj|:^fi0. l/imW±"C, 10 

3imjBE$rm*fRiwr/<7>">^mm: t> 1 o%a^ 2 0 

i^t^o roi^PlihMl GBT£rfl§^Tl§Il 5<DW 

^iGBT^nm^ Wi> ®^rrnj^f— ^SEE^ 

^n^tb^^r t, ^OffiPfilhM I GBTWf-^ 

[003 1] ^t, 2./im*S^L-5^:^o W^-^ftA 
^^Ix^-^ 1 M e vSr8xt#S4;^ 

fflJX.^/c^tCli, p* 3l/^^W5 aOi¥^Ji2^m 

yfli 5 O.m m^±T 2 0 0 m m^Ttfe^o ^y^v 

W5o^m*tm fHf^r^vKy^^ 

2 0 0/im^i§^ ^®^ibtf)p + 5©I* 

[0 0 3 2] ^fc, |ffi^nwtyMi:> 

^r— ^ 5 0 0 m J 3 J If— &'<}V7s 

;<7)x^-^5 0 0m J^i^li, ^u^tf^ftG 

»**jfi&B«JSttftbttv^ Q 3j^5ixv> 

LfcJ: I G BT(Dip:^^ 10 0/z m&&b L, Si 

ffiCOp* ^U? a<VfW.^kK 0 —?Mi£&Pfife<D 

mz-tZ>ZkX\ I GBTilj^B^J:t> + ^^- KNSSft 
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■eta. 

[oo33] i9 «y>r -KSBi^^iSfriHifflasK • m 
e*»-c, nh (a) iittftttjB. ma (b) 
jR-cfc*. ^D^(im i 6 aspajhffl igbt-c, 

*^P^p p ofiEl l t^-TigRftitS! I G B T -<?*> 6. ** W 

B©*««jBiafB*iit*/hs<, hy*^y-*»t 
[o o 3 4] hi ois; r<o«n^9S3Xikflo¥Wi* 

- hM^ffliaih I GBT<D0tJ-Cfc5o -y- MBS**, h 

«9 , in i t m cai*^»3#"t?# 

5 0 h u^y- hffl©a!ffljk I G B 

t-c&5 0 o i lttigsfciffis-t-sia-c, mi 2 was 

[0 0 3 6] BUlSOH 1 % ilO ^^(D7^7>v' 

gbt^ mi 5(dxo^, ^^mmmctgm-fzz 

I GBT^r^^^i/^ic^Ai-^fc^^, m* MJjfa 
<DTs<7>is=^ft&+Z&&*:m&m l,tiffi&<D I G 

[0 0 3 7] p + 3l/^^S«^0. lum/^ 

LlO/im (#P£L<tt2 jim) ££>IC1 

BT^Mt#5o mi 811, r^^^5lWJ© 

**#SIOK»»iBH-e*S. nMO¥*ffr£t£3 0 40 
0 l P ^-.xfiBK 3 2 «rjg/£ U P 

L, ***MR3 0 6tn* 2y^««3 4^***t 
/cp^ii3 2±^y- hg£fLJH3 5 ^Lt^- 
MtS3 6Sr»«i-S. h««3 6Ji«CJiR|l6»JR 

S3 0 0©|g2±ig^*ffiJilip + 3l/^««3 3't' 
JBfifcU p + =U'^^fiB«3 3 03*ffi^3lx^^affi3 
9^^1"5o ft^©p^S«3 2 tMLXm4 
6£fl?jSU Z<Dm* 6<D&ffi&{k¥&MLX* -<-<yU so 
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[0 0 3 8] p + a^^g«3 3<£>Ji:£ (JSS) (i 
0. l/im/l^l0/im<l:t^ o r<^l?^^^l/^^ 
IS, »4 6d«p* 3^^i«3 3iffiCiLt, «4 

Zmfe<Dm^fe-tZ) ~tX\ p n fi^ 4 3 Oig^fttf) 
T^7^^xtffS:p ng^4 4OW*fRl<0r^7^^ 

1 0%^f>2 0%iS<-f£r ktfX%% 0 

■rat, mxfacDv-zsmfrtfwmztifck k- 

ft<, ^ iGBT©t-.e;BiS:i*i±S«r^^ 

[0 0 3 9] lt aS4 5$:7>f-;WK7 p U-hi 

WftttSo ft, ¥4tfr&K3 o o-C4HR«ds»AS 
ixfcV^BWn- Ky7Kfi«3 1tft5 0 buIS 
(OX 0 p + =i U??m%H3 3C0J?^^0. Um^ 

Mm£(Tit5rfC, ieieI«m«tO©T^ if,- iS?|eI«. 

[0040] il9lt w<O3SM<^»6SQfi0iJ<O^J»ft: 
36B©ffl»J6r»SrSttW"t-SH-e, mm (a) »«ff[ilK 
0, I^H (b) te, PH (a) 0$1(OIGBT« 

mmmx&Zo mm (b) is, gn^wWo ti 
&nx\ r 2^iEcomj£^mn^nx^^m^, &m\(D 

sfcl <D I GBTISE 1 iE«ffi J5«B3*D ^ *IT , iS?^-T T 

>tt LTs y-h»fGl^' U#i/^fi[«EWJb©iE«EE 
£PWJ0U S 1 W I G B T(^) p 
t^4 8S:Mt5, 

[0 0 4 1] :oft^4 8^j^^ttsr:^-c, ^ 
^T^^L/ctIT-4 7ll^^-^yW4 8 SriloT^ >^ 

^4 9 0»Bf^ffl*jfetoK p-i— ^ffi«2^e>, n- 

h*y 7 hfia«i^aA$jx-5jE?ui«3*ys*L*o 

[0 0 4 2] 13 2 0IS, iS^inm^^iS/^T^milCO 
1 5 V^IEm/E^^DL^-a-^ 1 2 5t^)Sin 



(10) 
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[0 0 4 3] 

[3BW<03»»1 J: at, ¥ttf*SC0***< ' 

50^62 0 0/zmt\ l"? fmt&^mZ&O . 1ft 

0 16 c nr 3 — 1 X l 0 18 c m" 3 i: "f 5 r <b T\ I G B T 

fi&WJL ft a-^WESrttfctU iGBmy 

y y r * s 0 

[0 0 4 4] ^t^AU 3 0 0m500 

^ £T\ 0. 1 // m^fj 1 O ju m0)J?$(O3 i/^ ^ 

y 3 >«ffi«^ah,s r * «ft < , as^© 

t'SrtmSo 20 

[oo45]tt ®mmt:tm-rzpnm&<Dmmz 

fpJ^r^^V^^mJEE^^iSv^Plih® I GBTSr, 51 
^lii»at«^tt«EU*:3CfrlRl I GBTC, m&£Xfimj? 

tR**> L^tt^ttOitPllhS I GBT^jfl 30 

t % * SK^Ir] I GBTt LT^t- v^WftSrfRl 

[0 0 4 6] 4fc, IGBT^/fr^SMlfi:, 
h«ffii^L#^«[ttE"K±OiE«ffS:JPx.-5i:, I 

mi] z<D&m<ominifom(D¥m»3£m<Ds&mm 
m 

[m 2] z<D&w<nm2mmm<D¥m&£i&<D&mmm 40 

X5g»r®0 

[03] 0 2{^< % ro«n<OjR2HlkMO^«#3S 
[El 5] H4fc«E<, ^<0«MO»2*JtjWO^W«c3S 

[06] i5ci<, z<o&9i<Dm2nmm<o¥m»& 

[0 7] 0 6JC«E<, w<0*^<0|g2HffiM<75^SH*3S so 



[09] #v KUfm^jBisHraa! • «je«ejk^ 

(a) ttmSEftflgH, (b) tt»«BE«»ia 
[010] w(^»M^^3llll£Mo^ff3SflBt©SlffiBr 
®0 

[01 1] ^©*W©B4||JK09^^«ff3SE^SaBjH 
igXfMWW0 

[012] r(O*W^»4||»09C)^*»:KS^BaJ8a 
itX^^r®0 

[013] MIG B T(D^gflJ£rE 

0 

[014] ^fc°^^^^/uS«^fflLfe^*coiS?RBJfc 
IIGBT <^>®35®rB0 

[015] ^*r^1 I GBT^Mi 

[016] F Z g*4r&fli U *lt»T»* Lfctt*<p 
afrHJkffl I G BT^Mii 

[017] 3r^yr#*0 

[018] z<D&w<DmsnMm<D¥m{£mm<ost$m 
mm . 

[019] ro«n<o»6||jKMo¥«^B^Mfli^- 
ifeSrSftWi-SH-C, (a) 'frtMnilttBk (b) 
(a) ^1 I GBT0)g«5»rffil2 

[020] mmtimmtm'<>CTxnm<Dw#&7ikTm 

[fftoRW] 
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